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ABSTRACT 
S i n c e  t h e  "Energy C r i s i s "  Evapora t ive  Roof 
Cool ing Systems have  gained inc reased  a c c e p t a n c e  
a a  a  c o s t  e f f e c t i v e  method t o  r educe  t h e  h i g h  c o s t  
o f  a i r  c o n d i t i o n i n g .  Documented c a s e  h i s t o r i e s  i n  
r e t r o f i t  i n s t a l l a t i o n s  show d i r e c t  energy s a v i n g s  
and paybacks from twelve  t o  t h i r t y  months. 
The main o p e r a t i n g  c o s t  o f  an E v a p o r a t i v e  
Roof Cool ing System i s  water. One thousand 
g a l l o n s  o f  wa te r ,  complete ly  evapora t ed ,  w i l l  
produce ove r  700 t o n s  o f  c o o l i n g  c a p a b i l i t y .  
Water usage  seldom ave rages  ove r  100 g a l l o n s  per  
1000 f t . 2  o f  roo f  a r e a  pe r  day o r  10 oz. o f  
wa te r  pe r  100 f t . 2  e v e r y  s i x  minu te s .  
Roof Cool ing Systems,  when planned i n  new 
c o n s t r u c t i o n ,  r e t u r n  1-112 t imes  t h e  inves tment  
t h e  f i r s t  y e a r  i n  equipment s a v i n g s  and o p e r a t i n g  
c o s t s .  Roof s p r a y s  a r e  a  low c o s t  c o o l i n g  
s o l u t i o n  f o r  warehouses ,  d i s  t r i b u t  ion c e n t e r s  and 
l i g h t  manfac tu r ing  o r  assembly  a r e a s  w i th  l i g h t  
i n t e r n a l  l oads .  See  t e x t  "FlywheeL Cooling." 
INTRODUCTION 
Evapora t ive  roo f  c o o l i n g  o r  "roof s p r a y  
sys tems"  were f i r s t  i n t roduced  i n  t h i s  c o u n t r y  i n  
1934. An ingen ious  i r r i g a t  i o n  e n g i n e e r  dea  igned 
and i n s t a l l e d  a  "system" t o  coo l  t h e  roo f  o f  a  
"high-r iee" ,  t h r e e - s t o r y  apa r tmen t  b u i l d i n g  i n  
Washington, D.C. P r i o r  t o  t h e  i n s t a l l a t i o n ,  t h e  
o m e r  o f  t h e  b u i l d i n g  had a  problem r e n t i n g  t h e  
t h i r d  f l o o r  apar tment  d u r i n g  t h e  summer months due 
t o  t h e  h e a t  build-up i n  t h e  roof  t h a t  r a d i a t e d  
through t h e  c e i l i n g  c r e a t i n g  d i scomfor t  f o r  t h e  
t e n a n t s .  Aa a  r e s u l t  o f  s p r a y i n g  t h e  r o o f ,  t h e  
i n t e r n a l  t empera tu re s  dropped d r a m a t i c a l l y  and t h e  
apar tment  s t a y e d  occupied  on a  y e a r  round b a s i s .  
S i n c e  t h a t  humble beg inn ing ,  l i t e r a l l y  
m i l l i o n s  of s q u a r e  f e e t  o f  roo f  c o o l i n g  sys tems 
have  been i n s t a l l e d  i n  i n d u s t r i a l  and commercial  
b u i l d i n g s .  A "mini-boom" f o r  roof  s p r a y s  e x i s t e d  
f o l l o w i n g  World War 11, when a i r  c o n d i t i o n i n g  was 
new and i n  s h o r t  supply .  The i n d u s t r i a l  marke t s  
o f  t h e  n o r t h e a s t  and midwest were t h e  " c r a d e l "  o f  
t h i s  new i n d u s t r y .  L a t e r  t h i s  emphasis  s h i f t e d  t o  
t h e  t e x t i l e  i n d u s t r y  o f  t h e  s o u t h e a s t e r n  Uni ted  
S t a t e s  u s i n g  a  more modern approach.  The t e x t i l e  
i n d u s t r y  p ioneered e v a p o r a t i v e  roo f  c o o l i n g  a s  a  
supplement t o  a i r  c o n d i t i o n i n g  due p r i m a r i l y  t o  
t h e  need f o r  a  c r i t i c a l  humid i ty  c o n t r o l  i n  t h e  
p r o c e s s  o f  producing f a b r i c s .  In t h e  f i f t i e s  and 
8 i x t  i e s ,  a i r  c o n d i t i o n i n g  became commonplace a s  
o p e r a t i n g  c o a t s  were cheap  and r o o f  s p r a y s  were 
" r e  t i r e d " .  
It took t h e  "energy c r i s i s "  o f  1973 t o  1974 
t o  awaken i n  a l l  Americans t h e  need t o  conse rve  
what h a s  now become v e r y  h igh -cos t  e l e c t r i c i t y  
throughout  t h e  coun t ry .  Many o f  t h e  n a t i o n ' s  
l a r g e s t  c o r p o r a t i o n a  went t o  work on t h e  p r o b l e a  
and e v a p o r a t i v e  roo f  c o o l i n g  h a s  had i t s  " r e b i r t h "  
a s  a  time-proven and c o s t - e f f e c t i v e  s o l u t i o n  t o  
r e d u c i n g  t h e  h e a t  load i n  b u i l d i n g s .  
Many o f  t h e s e  o l d e r ,  l a r g e  c o r p o r a t i o n s  
s imp ly  d u s t e d  o f f  what t h e y  a l r e a d y  knew about  
roo f  c o o l i n g  from p r i o r  expe r i ence .  But ,  by now, 
t h e  o l d  t e s t  r e s u l t s  and d a t a  had been f i l e d  away 
under a n c i e n t  h i s t o r y .  A  whole new g e n e r a t i o n  o f  
p l a n t  e n g i n e e r s  and p r o f e s s i o n a l s  were t o t a l l y  
uninformed on t h e  s u b j e c t .  Today t h e  i n d u s t r y  i s  
s m a l l  and l i m i t e d  i n  r e s o u r c e s ,  and t h e  r e i n t r o -  
d u c t i o n  p r o c e s s  h a s  been s low,  b u t  is  g a i n i n g  
momentum through e s t a b l i s h e d  r e s u l t s ,  from s a t i e -  
f  ied  u s e r s ,  and through i n f o r m a t i v e  semina r s  such  
a s  t h i s .  
Today, i t  i s  d o u b t f u l  any p l a n t  e n g i n e e r ,  
f a c i l i t i e s  p l a n n e r ,  o r  p r o f e s s i o n a l  c o n s u l t a n t  
wauld knowingly paaa up t h e  o p p o r t u n i t y  t o  r e d u c e  
t h e  load on e x i s t i n g  a i r  c o n d i t i o n i n g  sys tems by 
25% o r  more and s a v e  a  comparable  amount i n  new 
c o n s t r u c t i o n .  Yet many do ,  s imp ly  f o r  l a c k  o f  
i n  f o r n a  t ion .  
S ince  t h e  r e c o v e r y  from t h e  r e c e s s i o n  o f  
1981 t o  1983, o i l  p r i c e s  have  plummeted and a  
f a l s e  complacency h a s  c r e p t  back i n t o  t h e  board- 
roan.  Energy depa r tmen t s  have  been disbanded and 
l e s s  impor tance  i s  p l aced  on s a v i n g  ene rgy .  As an 
o l d  f r i e n d  remarked, "Energy h a s  become d u l l  and 
d e f e r r a b l e . "  You and I know d i f f e r e n t l y .  The PUC 
i s  d e f e r r i n g  t h e  i n e v i t a b l e .  The power companies 
may have  r e o r g a n i z e d ,  but t h e  r a t e s  a r e  j u s t  a s  
h igh.  
BACKGROUND 
Evapora t ion  i s  a  n a t u r a l  c o o l i n g  p r o c e s s  o r  
t o  pu t  i t  a n o t h e r  way, i t ' s  n a t u r e ' s  way o f  
coo l ing .  A r o o f  s p r a y  sys tem i s  fundamenta l ly  an  
e v a p o r a t i v e  c o o l i n g  p roces s .  Every pound o f  wa te r  
t h a t  i s  evapora t ed  a b s o r b s  app rox ima te ly  1000 Btu 
ESL-HH-85-09-14
Proceedings of the Second Symposium on Improving Building Systems in Hot and Humid Climates, College Station, TX, September 24-26, 1985
o f  h e a t .  With a t  l e a s t  85% e f f i c i e n c y ,  a  roof  
t empera tu re  w i t h i n  e i g h t  t o  t e n  deg rees  o f  wet 
bu lb  t empera tu re  can be ma in t a ined .  During a  
t y p i c a l  summer c o o l i n g  season  i n  t h e  s o u t h ,  t h i s  
t r a n s l a t e s  t o  a  40°F t o  60°F r e d u c t i o n  i n  t h e  roo f  
s u r f a c e  t empera tu re ,  which i s  a  s u b s t a n t i a l  amount 
o f  h e a t  t r a n s f e r r e d .  
During t h e  long h o t  summer months,  i t  i s  n o t  
unusual  t o  have  a  d r y  roof  t empera tu re  a s  h igh  a s  
160°F and h i g h e r  i n  t h e  c a s e  o f  da rk  co lo red  
roo f s .  With a  wet b u l b  o f  8O0F, t h i s  roo f  t enpe r -  
a t u r e  can be lowered t o  90°F w i t h  an e v a p o r a t i v e  
roo f  c o o l i n g  s y s  tem. 
Roof c o o l i n g  i s  n o t  a  s u b s t i t u t e  f o r  a i r  con- 
d i t i o n i n g  and should  never  be  cons ide red  a s  such.  
Evapora t ive  roo f  c o o l i n g  sys tems perform one 
s p e c i f i c  job;  t hey  d i s s i p a t e  t h e  s o l a r  h e a t  load 
on t h e  roo f .  They cannot  reduce  h igh  i n t e r n a l  
l oads .  They a r e  most e f f e c t i v e  when a  b u i l d i n g  
has  a  l a r g e  roo f  a r e a  i n  p r o p o r t i o n  t o  exposed 
w a l l s  and s e n s i b l e  t o  t o t a l  h e a t  r a t i o s  a r e  h igh.  
In  t h i s  b u s i n e s s ,  i t ' s  n o t  t h e  amount o f  
water  you app ly  but  t h e  amount o f  wa te r  you evap- 
o r a t e .  The o b j e c t i v e  o f  a  w e l l  des igned evapora- 
t i v e  roo f  c o o l i n g  sys tem i s  t o  s p r a y  a s  much wa te r  
on t h e  roof  a s  w i l l  e v a p o r a t e  and n o t  one d r o p  
more. I f  t h e r e  i s  an e x c e s s i v e  q u a n t i t y  o f  w a t e r ,  
and i t  s t a n d s  on t h e  r o o f ,  t h e  c o o l i n g  a c t i o n  i s  
l e s s  e f f i c i e n t  and t h e  roo f  t empera tu re  w i l l  
a c t u a l l y  r i s e  i n  t h o s e  a r e a s .  Uniform d i s t r i b u -  
t i o n  o f  t h e  wa te r  and complete  coverage  i s  e s sen -  
t i a l .  Th i s  i s  d i f f i c u l t  t o  a c h i e v e  t h e  lawn 
s p r i n k l e r  t ype  "heads" t h a t  by n e c e s s i t y  must r e l y  
on m u l t i p l e  o v e r l a p s  t o  i n s u r e  coverage  from a  360 
deg ree  s p r a y  p a t t e r n .  C a r e f u l  equipment s e l e c t i o n  
and t h e  e x p e r t i s e  o f  t h e  d e s i g n e r  a r e  t h e  f o o l  
proof c r i t e r i a  t o  a c h i e v e  optimum r e s u l t s .  
The American S o c i e t y  o f  Hea t ing  6 V e n t i l a t i n g  
Engineers  ( f o r e r u n n e r s  o f  ASHRAE) conducted ex t en -  
s i v e  t e s t s  i n  1939 on e v a p o r a t i v e  roo f  c o o l i n g  and 
t h e  r e s u l t s  showed a s  much a s  87% r e d u c t i o n  i n  
peak h e a t  p e n e t r a t i o n  u s i n g  s p r a y s  v e r s u s  d r y  roo f  
and a  92% r e d u c t i o n  i n  ave rage  h e a t  p e n e t r a t i o n  
throughout  t h e  c o u r s e  o f  t h e  day. Now d a t a  f o r  
t h e  des ign  of roo f  s p r a y s  have  been pub l i shed  i n  
t h e  ASHRAE Guide and Data Book. 
In  D r .  John Y e l l o t t ' s  p r e s e n t a t i o n  ( 2 )  on 
e v a p o r a t i v e  roo f  c o o l i n g ,  h i s  s t u d y  concluded t h a t  
water  i s  by f a r  t h e  most economical  r e f r i g e r a n t ,  
s i n c e  one g a l l o n  o f  wa te r  r e p r e s e n t s  about  8650 
Btu of c o o l i n g  c a p a b i l i t y  and 1000 g a l l o n s  used 
complete ly  w i l l  produce somewhat more than 700 
tons  o f  r e f r i g e r a t i o n .  Compare your l o c a l  wa te r  
r a t e  c o s t  per  1000 g a l l o n s  t o  t h e  c u r r e n t  kwh c o s t  
and you w i l l  q u i c k l y  a g r e e  wi th  what Y e l l o t t  s a i d  
n i n e t e e n  y e a r s  ago. 
PRINCIPLE OF OPERATION 
The roof  i s  a c c u r a t e l y  measured,  n o t i n g  
o b s t r u c t i o n s ,  e l e v a t i o n  changes and type  o f  roof  
s u r f a c e  m a t e r i a l .  The roo f  need n o t  be  f l a t  a s  
w i th  proper  d e s i g n  methods and equipment ,  p i t ched  
r o o f s  can be  e f f e c t i v e l y  cooled .  E x c e l l e n t  
r e s u l t s  have  been achieved i n  m e t a l  b u i l d i n g s .  
The h y d r a u l i c  v a r i a b l e s ,  p r e s s u r e  and s u p p l y ,  
must be  determined.  Usua l ly  45 GPM @ 50 ps ig  i s  
r e q u i r e d  f o r  a  100,000 s q u a r e  f o o t  roof  a r e a .  
With t h e  v a r i a b l e s  de t e rmined ,  t h e  d e s i g n e r  t hen  
d i v i d e s  t h e  roo f  i n t o  zones.  A g r i d  o f  copper  
s p r a y  tub ing  i s  e s t a b l i s h e d  a t  16  f t .  t o  1 8  f t .  on  
c e n t e r .  With a  d e s i g n  p r e s s u r e  o f  25 p s i ,  t h i s  
w i l l  c r e a t e  an e f f e c t i v e  s p r a y  r a d i u s  o f  10  f t .  
and i n s u r e  complete  coverage .  A l l  s upp ly  p i p i n g  
and s p r a y  l a t e r a l s  a r e  suppor t ed  a t  5  f t .  i n t e r -  
v a l s  by cementing redwood b l o c k s  t o  t h e  s u r f a c e .  
No roo f  p e n e t r a t i o n s  a r e  n e c e s s a r y  w i t h  t h e  excep- 
t i o n  o f  v e r y  l a r g e  roo f  a r e a s ,  and t h i s  i s  done by 
a  competent r o o f i n g  c o n t r a c t o r .  Ove r s i ze  copper  
t ube  s t r a p s  a r e  u t i l i z e d  t o  a l l o w  f o r  normal 
expansion and c o n t r a c t i o n .  They a r e  n a i l e d  t o  t h e  
b locks  w i t h  aluminum n a i l s .  
A m i c r o p r o c e s s o r  c o n t r o l l e r ,  which i s  pro- 
grammable by t h e  u s e r ,  i s  s e t  up f o r  m u l t i p l e  t ime 
o f  day p r o g r a m  w i t h  a  comple t e ly  v a r i a b l e  o n l o f f  
t ime f o r  t h e  s p r a y  l i n e s .  Usua l ly ,  t h i s  i s  t e n  t o  
t h i r t y  seconds  "on-time" per  zone ,  and an 
"off-t ime" o f  t h r e e  t o  e i g h t  minu te s  depending on 
job c o n d i t i o n s .  The o p e r a t i o n  o f  t h e  sys tem i s  
s e q u e n t i a l  and t h e  whole sys t em i s  a c t i v a t e d  by a  
roo f  t he rmos ta t  s e t  f o r  a  h e a t  r i s e  c o n d i t i o n  o f  
90°F. When t h e  roo f  t empera tu re  f a l l s  below t h e  
s e t  p o i n t ,  t h e  sys tem w i l l  a u t o m a t i c a l l y  s h u t  
i t s e l f  o f f .  Here aga in  t h e  s k i l l  and e x p e r i e n c e  
o f  t h e  d e s i g n e r  a r e  impor t an t  t o  i n s u r e  t h a t  o n l y  
t h e  t h i n  f i l m  o f  wa te r  needed t o  e v a p o r a t e  
complete ly  between c y c l e s  i s  b e i n g  a p p l i e d .  
In  c e r t a i n  c a s e s ,  was t e  wa te r  can be  u t i l i z e d  
i f  i t  i s  r e l a t i v e l y  c l e a n .  We have s e v e r a l  
i n s t a l l a t i o n s  t h a t  a r e  o p e r a t i n g  w i t h  was t e  
p roces s  wa te r .  The w a t e r  t empera tu re  does  n o t  
m a t e r i a l l y  a f f e c t  t h e  e v a p o r a t i v e  c o o l i n g  p roces s .  
D r .  Y e l l o t t  t e s t e d  120°F w a t e r  v e r s u s  80°F and i t  
o n l y  made one d e g r e e  d i f f e r e n c e  i n  t h e  roo f  
t empera tu re  a s  e v a p o r a t i o n  took p l ace .  Water 
usage  w i l l  n a t u r a l l y  f l u c t u a t e  w i t h  t h e  c l ima te .  
A peak volume would be 150 g a l l o n s  pe r  1 ,000  
s q u a r e  f e e t  p e r  day. We have  s e v e r a l  sys tems w i t h  
s e p a r a t e  wa te r  me te r s  t h a t  a l l o w  t h e  u s e r  t o  pay 
f o r  wa te r  o n l y  wi thou t  sewer cha rges .  From t h e s e  
r e c o r d s  o f  usage  and based on 180 t o  200 o p e r a t i n g  
d a y s ,  t h e  y e a r l y  a v e r a g e  w i l l  work o u t  t o  100 
g a l l o n s  pe r  1000 s q u a r e  f e e t  pe r  day. Th i s  i s  
e s s e n t i a l l y  t h e  on ly  o p e r a t i n g  c o s t  o f  an  evapo- 
r a t i v e  roo f  c o o l i n g  sys tem s a v e  t h e  minimal amount 
o f  power f o r  t h e  t imer .  
Maintenance o f  a  roo f  c o o l i n g  sys tem c o n s i s t s  
o f  d r a i n i n g  i t  i n  t h e  w i n t e r .  Good d e s i g n  w i l l  
p rov ide  f o r  d r a i n  v a l v e s  i n  t h e  main supp ly  l i n e s  
and a t  t h e  end o f  each  s p r a y  l i n e .  Large  systems 
can u s u a l l y  be  purged w i t h  compressed a i r .  In t h e  
s p r i n g t i m e ,  when t h e  sys tem i s  a c t i v a t e d  f o r  t h e  
s e a s o n ,  t h e s e  same d r a i n  v a l v e s  a r e  u t i l i z e d  t o  
f l u s h  t h e  sys tem o f  any sed imen t s .  Good equipment 
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w i l l  f e a t u r e  manual o v e r r i d e ;  o f  t h e  o p e r a t i n g  
va lves .  Se l f - c l ean ing  s p r a y  o r  i f  i c e s  e l i m i n a t e  
c logg ing  problems. The o n l y  a t t e n t i o n  r e q u i r e d  t o  
t h e  sys tem is p e r i o d i c  i n s p e c t i o n  d u r i n g  t h e  
season.  Annual maintenance  c o s t  w i l l  se ldom 
exceed -005% p e r  s q u a r e  f o o t .  Maintenance s e r v i c e  
c o n t r a c t s  a r e  u s u a l l y  a v a i l a b l e  through q u a l i f i e d  
l o c a l  d i s t r i b u t o r e .  
The o n l y  moving p a r t s  i n  o u r  p r e s e n t  sys tem 
a r e  t h e  va lves .  They can be  r e p a i r e d  o r  r e p l a c e d  
wi thou t  removing t h e  v a l v e  body from t h e  copper  
l i n e .  
A I R  CONDITIONING SAVINGS 
Numerous documented c a s e  h i s t o r i e s  have  
e s t a b l i s h e d  paybacks from 1 2  t o  30 months when 
e v a p o r a t i v e  roo f  c o o l i n g  has  been used t o  r educe  
t h e  a i r  c o n d i t i o n i n g  load .  Annual A . C .  run  t imes 
v a r y  a s  do o p e r a t i n g  c o s t s  from one l o c a l e  t o  
ano the r .  
To h e l p  you in  de t e rmin ing  an e s t i m a t e  o f  
s a v i n g s  t h a t  can be  expec ted ,  l e t ' s  r e f e r  t o  t h e  
s i m p l e  example on The I n t e r n a l  BTU Heat Rel ief -Dry 
vs .  Damp Roof c h a r t  (Tab le  I ) .  T h i s  i s  an  example 
o f  a  t y p i c a l  o l d e r  b u i l d i n g  and  l e t ' s  assume it is 
b e i n g  cooled  wi th  o l d  DX t y p e  u n i t s  t h a t  a r e  usu- 
a l l y  i n s t a l l e d  on t h e  r o o f .  During t h e  s e a s o n ,  
1 .5  kW pe r  t on  i s  a  c o n s e r v a t i v e  e s t i m a t e  f o r  t h i s  
t ype  o f  equipment. 
C a l c u l a t i o n s  f o r  t h e  peak summer c o o l i n g  
pe r iod  a r e  shown below. Note t h a t  t h i s  peak 
per iod can a f f e c t  demand cha rges .  
PEAK DEMAND CHARGE REDUCTION ( F i g .  1 )  
Assume $5.00 p e r  kW and a  100% r a t c h e t :  
138 tons  X 1 .5  kW/ton = 207 kW saved 
207 kW X $5/kW X 12  months = $12,420 annua l  
s a v i n g s  
Depending on t h e  demand r a t e  and r a t c h e t  
f i g u r e ,  i t  may r e q u i r e  t h e  f i r e t  y e a r  o f  o p e r a t i o n  
t o  f u l l y  r e a l i z e  t h e  s a v i n g s ;  bu t  t h e  e f f e c t  o f  
r educ ing  t h e  summer peak load i s  obvious .  
AVERAGE ENERGY CONSUMPTION REDUCTION (Fig .  1 )  
Aseume $.04 pe r  kWh ( d i r e c t  energy c o s t  and 
f u e l  ad jue tmen t )  and 2 ,000 annua l  o p e r a t i n g  hour s :  
79 t o n s  X 1.5 kW/ton X 2,000 h r s .  = 
237.000 kwh saved  p e r  y e a r  
237,000 kwh X $.O4/kWh = $9,480 saved per 
y e a r  
WATER COST 
At $1.00 p e r  1 ,000 g a l l o n s  and u s i n g  t h e  100 
g a l l o n  pe r  1 ,000  s q u a r e  f e e t  per  h o u r ,  o u r  example 
i n s t a l l a t i o n  evapora t e s  10 ,300 g a l l o n s  pe r  day  o r  
$10.30 p e r  day f o r  180 days = $1,854. 
Summary o f  Cost  Sav ings  
Demand C h a r ~ e  Sav ings  $12.420 
D i r e c t  Energy s a v i n g s  
S u b t o t a l  Savings  
Less  Water Cost  (1.854) 
Less  Maintenance l e t  Year (515) 
Annua 1  Savings  $l-KS-n 
With a  c u r r e n t  i n s t a l l e d  e v a p o r a t i v e  roo f  
c o o l i n g  sys tem w i t h  c o s t s  o f  $36,000,  t h e  s t r a i g h t  
payback i s  22 months a t  c u r r e n t  r a t e s .  
The l i f e  c y c l e  c o s t  o f  an a l l  copper  and 
b r a e s  e v a p o r a t i v e  roo f  c o o l i n g  sys tem i s  excep- 
t i o n a l  and e a s i l y  e q u a l s  t h e  l i f e  o f  t h e  b u i l d i n g  
wi th  normal s e r v i c e .  
TABLE I 
I n t e r n a l  BTU Heat R e l i e f  - Dry vs .  Damp Roof 
Shown below i s  t h e  h e a t  r e l i e f  provided by 
FAN-JET S o l a r  Roof Coo l ing  i n  Btu pe r  s q u a r e  
f o o t  o f  roo f  s u r f a c e  a t  v a r i o u s  "U" f a c t o r s  
and roo f  t empera tu re s .  
Roof S u r f a c e  Temperature  
Roof "U" 
F a c t o r  170" 160' 150' 140' 130' 120' 
The above t a b l e  i s  based on t h e  f o l l o w i n g  
formula:  
Y = R e l i e f  p rov ided  i n  BTU's p e r  s q u a r e  
f o o t  p e r  hour .  
U = Heat  t r a n s m i s s i o n  c o e f f i c i e n t  o f  t h e  
r o o f .  
T1 = Roof s u r f a c e  t empera tu re  w i t h o u t  
FAN-JET. 
T2 = Roof s u r f a c e  t e m p e r a t u r e  w i t h  FAN-JET 
(90°F) .  
T3 = Design i n t e r i o r  t e m p e r a t u r e  o f  t h e  
b u i l d i n g  (78'F). 
Example o f  How t o  Use: 
A 103,000 s q u a r e  f o o t  b u i l d i n g  w i t h  b u i l t  
up t a r  and g r a v e l  roo f  on  a  s t e e l  deck w i t h  1" 
i n s u l a t i o n  . 23  "U" f a c t o r  (ASHRAE). 
Peak Demand 
160' roo f  t e m p e r a t u r e  w i t h  a  . 2 3  "U" 
f a c t o r  = 16.1 Btu r e l i e f  p e r  s q u a r e  f o o t  
pe r  hour  X 103.000 s q u a r e  f e e t  
1 ,658,300 Btuh t 12,000 Btu (Ton AC) = 
138 t o n s  r e d u c t i o n  i n  a i r  c o n d i t i o n i n g .  
Average Reduct ion  
Average r o o f  t e m p e r a t u r e  130' w i t h  a  . 23  
"U" f a c t o r  = 9.2 Btu r e l i e f  p e r  hour  X 
103,000 s q u a r e  f e e t  = 947,600 Btu + 
12,000 Btu (Ton AC) = 79 t o n s  r e d u c t i o n  
i n  a i r  c o n d i t i o n i n g .  
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APPLICATIONS IN NON-AIR CONDITIONED BUILDINGS 
While t h i s  p r e s e n t a t i o n  d e a l s  p r i m a r i l y  w i t h  
a i r  cond i t i oned  b u i l d i n g s ,  i t  is w e l l  t o  keep i n  
mind t h a t  c o n s i d e r a b l e  comfort  c o o l i n g  can a l s o  be  
r e a l i z e d  i n  non-a i r  cond i t i oned  b u i l d i n g s .  Docu- 
mented c a s e  h i s t o r i e s .  which can be  v e r i f i e d ,  have  
shown r e d u c t i o n s  o f  10°F t o  15°F i n  working l e v e l  
t empera tu re s  w i t h  e v a p o r a t i v e  roo f  c o o l i n g  and 
complete e l i m i n a t i o n  o f  t h e  e f f e c t  o f  r a d i a n t  h e a t  
on workers.  
Evapora t ive  roof  c o o l i n g  combined wi th  p lan-  
ned v e n t i l a t i o n  have achieved r e s u l t s  o f  20°F t o  
22°F c o o l e r  i n t e r i o r  b u i l d i n g  t empera tu re s ,  
e s p e c i a l l y  i n  warehouses and d i s t r i b u t i o n  c e n t e r e  
where t h e  i n t e r n a l  load i s  n o t  t o o  g r e a t .  Th i s  
t echn ique  i s  c a l l e d  "Flywheel Cooling". We have 
i n s t a l l a t i o n s  i n  Texas where t h e  b u i l d i n g  i n t e r i o r  
t empera tu re s  d i d  n o t  exceed 84°F w h i l e  t h e  o u t e i d e  
ambient t empera tu re  l e v e l s  were a t  105OF t o  106OF. 
By n o t  hav ing  t o  a i r  c o n d i t i o n  t h e s e  b u i l d i n g s ,  
c o n s i d e r a b l e  energy h a s  been saved. Even i n  
a p p l i c a t i o n s  o f  t h i s  t ype  t h a t  a r e  p r e s e n t l y  a i r  
c o n d i t i o n e d ,  it would c e r t a i n l y  b e  wor thwhi le  t o  
pursue  t h i s  approach and d u t y  c y c l e  t h e  a i r  con- 
d i t i o n i n g  i n  t h e  a f t e r n o o n  i f  neces sa ry .  
S e v e r a l  o f  o u r  cus tomers  have h e a t  s e n s i t i v e  
producte  and e l e v a t e d  t empera tu re s ,  o f  90°F o r  
g r e a t e r ,  s h o r t e n  s h e l f  l i f e  and cause  s p o i l a g e .  
The "Flywheel Cooling1'  method has  so lved  t h e i r  
summer s t o r a g e  problems,  a t  a  f r a c t i o n  o f  t h e  c o s t  
o f  r e f r i g e r a t i o n .  
HIGH-HUMIDITY CONDITIONS 
One o f  t h e  most f r e q u e n t l y  asked ques t ion8  i s  
how can e v a p o r a t i v e  roo f  c o o l i n g  be e f f e c t i v e  i n  
a n  a r e a  w i th  h i g h  r e l a t i v e  humid i ty?  F l o r i d a  h a s  
summer des ign  c o n d i t i o n s  o f  91°F Dry Bulb w i t h  a  
78°F Wet Bulb. T h i s  e q u a l s  60% r e l a t i v e  humidi ty .  
With o n l y  a  modest r i s e  i n  t h e  Dry Bulb tempera- 
t u r e  t o  120DF and t h e  same 78°F Wet Bulb,  we now 
have  o n l y  30% r e l a t i v e  humidi ty1  We have  many 
s u c c e s s f u l  i n s t a l l a t i o n s  i n  F l o r i d a .  
The same s o l a r  r a d i a t i o n  t h a t  h e a t e  l a r g e ,  
d r y  roof  e u r f a c e s  i s  now be ing  absorbed by t h e  
moleculee  o f  m o i s t u r e  and t h e  e v a p o r a t i o n  t a k e s  
p l a c e  r a p i d l y .  Rad ia t ion  h a s  a  major  e f f e c t  on 
evapora t ion  a long  wi th  wind speed. Most r o o f s  
w i l l  have an  ave rage  h e i g h t  o f  twenty  f e e t  o r  more 
from ground l e v e l ,  and t h e  s u r f a c e  winds a r e  n o t  
o b s t r u c t e d .  For t h o s e  o f  you who do n o t  epend a  
l o t  o f  time on t h e  r o o f ,  you can r e l a t e  t h i e  t o  
how q u i c k l y  t h e  s t r e e t s  and pa rk ings  l o t s  d r y  o f f  
a f t e r  a  r a i n  i n  Houston, New O r l e a n s ,  and anywhere 
a l o n g  t h e  Gulf Coas t .  It is  a l s o  i n t e r e s t i n g  t o  
n o t e  t h a t  t h e r e  is  r e a l l y  v e r y  l i t t l e  change o r  
ad jus tmen t s  f o r  c o o l i n g  towers  from one  a r e a  t o  
a n o t h e r ,  t o  compensate f o r  t h e  r a t e  o f  evapora-  
t i o n .  
opposed t o  when you hung i t  i n  t h e  shade .  B e l i e v e  
me, t h e r e  i s  ve ry  l i t t l e  shade  on most i n d u s t r i a l  
and commercial r o o f s .  
The combinat ion  o f  h i g h  s o l a r  energy and a i r  
movement do  c r e a t e  cone ide rab  l e  e v a p o r a t i o n  on 
l a r g e  d r y  s u r f a c e s .  The e v a p o r a t i v e  roo f  c o o l i n g  
sys tem w i l l  u s e  l e s s  w a t e r  i n  Houston than  E l  
Paso. The new programmable mic rop roces so r  can  
compensate f o r  t h i s  by programming s h o r t e r  s p r a y  
"on-time" and longe r  "off-t ime" ( d r y i n g  t ime)  i n  
t h e  morning when t h e  wet  b u l b  is  h i g h e r  and then  
s h o r t e n  t h e  c y c l e  f o r  t h e  a f t e r n o o n  a s  t h e  d r y i n g  
t ime d e c r e a s e s .  
ROOF PROTECTION 
The f i r s t  r e a c t i o n  t o  roo f  s p r a y  c o o l i n g  and 
p u t t i n g  wa te r  on t h e  roo f  i s  u s u a l l y  n e g a t i v e .  
However, we have  found t h a t  by keep ing  t h e  roof  a t  
a  r e l a t i v e l y  c o o l  90°F ve r sue  hav ing  t h e  t m p e r a -  
t u r e  c l imb t o  160°F, e v a p o r a t i v e  roo f  c o o l i n g  can 
a c t u a l l y  doub le  o r  t r i p l e  t h e  l i f e  expectancy o f  
t h e  roo f .  
There  a r e  t h r e e  ma jo r  f a c t o r s  t h a t  d e s t r o y  a  
roo f .  They a r e :  
1. B l i s t e r s .  B l i s t e r s  form when t h e  roo f  
t empera tu re s  r each  150°F t o  160°F. The g r a v e l  
f a l l s  o f f  t h e  b l i s t e r  and t h i s  a l l ows  t h e  u l t r a  
v i o l e t  r ays  o f  t h e  s u n  t o  d i r e c t l y  a t t a c k  t h e  
a s p h a l t .  T h i s  causee  t h e  o i l s  t o  d r y  o u t ,  c r ack -  
i n g  o c c u r s ,  and roo f  problems begin .  
2. Expansion and C o n t r a c t i o n .  During a  
24-hour day ,  t h e  t empera tu re  f l u c t u a t e s  from 160°F 
d u r i n g  t h e  day t o  a  c o o l  75' a t  n i g h t .  T h i s  
expansion and c o n t r a c t i o n  can p u l l  t h e  f l a s h i n g  
away from t h e  p a r a p e t  w a l l s  a round r o o f m o u n t e d  
f a n s  o r  a i r - h a n d l i n g  u n i t s ;  however, by h o l d i n g  a  
c o n s t a n t  t empera tu re  w i t h  v e r y  l i t t l e  f l u c t u a t i o n ,  
t h e  expans ion  and c o n t r a c t i o n  is  v i r t u a l l y  e l imi -  
na t ed .  
3. Thermal Shock. When t h e  roo f  tempera- 
t u r e s  r i s e  t o  160°F and a n  a f t e r n o o n  shower comes 
through t h e  a r e a ,  we have  t e s t s  t h a t  show t h a t  t h e  
t empera tu re  w i l l  d r o p  by a s  much a s  58  d e g r e e s  i n  
l e s s  t han  15 minu te s .  S i n c e  t h e  r o o f  i s  comprised 
o f  d i f f e r e n t  l a y e r s  o f  pape r ,  f e l t s ,  i n s u l a t i o n  
and t a r  and g r a v e l ,  t h e  c o n t r a c t i o n  i s  n o t  e q u a l  
throughout  t h e  r o o f ,  t h u s ,  producing a  s h e a r i n g  
a c t i o n  which can a c t u a l l y  t e a r  t h e  roo f  open and 
c r e a t e  maintenance  problems. By m a i n t a i n i n g  t h e  
roo f  t empera tu re  a t  o r  below 90° ,  t he rma l  shock i s  
v i r t u a l l y  e l i m i n a t e d .  
In a  r e c e n t  pape r  p r e s e n t e d  by M r .  J a c k  Reed, 
(4) h e  s t a t e d  t h a t  t h e r e  were  f a r  fewer l e a k s  i n  
s p i t e  o f  add ing  many more r o o f  p e n e t r a t i o n s  o v e r  a  
p e r i o d  o f  f i f t e e n  monthe. Today. f o u r  y e a r s  
l a t e r ,  h e  r e p o r t s  n o  l eak8  i n  h i s  f o u r t e e n  y e a r  
o l d  roo f .  
I f  you remember t h e  "old l i s t e r  bag", you 
w i l l  r e c a l l  how much c o o l e r  t h e  w a t e r  was when t h e  
bag was l e f t  ou tdoor s  exposed t o  f u l l  s u n l i g h t  a s  
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CONCLUSIONS 
Evapora t ive  roof  c o o l i n g  s y s t m s ,  hav ing  had 
a  s u c c e s s f u l  h i s t o r y  i n  t h e  3 0 ' s  and 40 '8 ,  a r e  
making a  come back i n  t h e  f i e l d  o f  I n d u s t r i a l  A i r  
Condi t ioning a s  one of  t h e  most c o s t  e f f e c t i v e  
methods t o  reduce c o o l i n g  c o s t s .  
Microprocessor  t imers  a r e  g i v i n g  b e t t e r  
c o n t r o l  of  s p r a y  t iming t o  compensate f o r  c l i m a t i c  
c o n d i t i o n s  and f u r n i s h  g r e a t e r  e f f i c i e n c y .  
Roof Cooling can e l i m i n a t e  up t o  85% o f  t h e  
roof  a i r  c o n d i t i o n i n g  load and makes a  l a r g e  cool-  
i n g  panel  o u t  of t h e  c e i l i n g  in s t ead  of  a  h e a t  
r a d i a t o r .  
R e t r o f i t t i n g  of  o l d e r  b u i l d i n g s  i s  a prime 
a p p l i c a t i o n  f o r  e v a p o r a t i v e  roof  c o o l i n g .  
When a d d i t i o n a l  tonnage i s  needed due t o  
p l a n t  expans ion ,  e v a p o r a t i v e  roof  c o o l i n g ,  by 
r educ ing  t h e  roof load,  can p r o v i d e  t h e  a d d i t i o n a l  
c o o l i n g  requirements  a t  a  f r a c t i o n  o f  t h e  c o s t  o f  
i n s t a l l i n g  new equipment. 
New c o n s t r u c t i o n  wi th  a  R10 roof  can r e t u r n  
t h e  c o s t  of t h e  e v a p o r a t i v e  roof  coo l ing  sys tem 
1-112 t imes  through equipment s a v i n g s ,  and lower- 
i n g  o p e r a t i n g  c o s t  on a  c o n t i n u i n g  b a s i s .  
Heat s t r e s s  is reduced i n  non-ai r  c o n d i t i o n e d  
b u i l d i n g s  r e s u l t i n g  i n  marked i n c r e a s e s  i n  produc- 
t i v i t y  wh i l e  a l s o  p rov id ing  s a f e  s t o r a g e  tempera- 
t u r e s  f o r  m a t e r i a l s .  Today's management i s  more 
aware o f  t h e  h igh  c o s t  of  l o s t  p r o d u c t i v i t y  i n  h o t  
b u i l d i n g s .  
Roof Cooling is e f f e c t i v e  i n  humid c l i m a t e s  
wi th  proper  d e s i g n  and c o n t r o l .  I 
Roof Cool ing p r o t e c t s  and ex tends  roo f  l i f e  
by keep ing  t h e  roo f  c o n s i s t e n t l y  c o o l e r  and pre- 
v e n t i n g  the rma l  shock.  
Evapora t ive  roo f  c o o l i n g  can show a  payback 
of  twelve  t o  t h i r t y  months. 
One thousand g a l l o n s  o f  wa te r  comple te ly  
evapora ted  w i l l  produce o v e r  700 t o n s  o f  c o o l i n g  
c a p a b i l i t y .  
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